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(57) [SSftl 

[Mil] *t°yA>7)i£ffl^£MRSTO3Vvt, 

ttttl 1 IB 2 DttttJf t (7MHZ . ^NStt4>l8W 3 SrBfi 

fc^T. &«A'.y7 7J14i:3ll<7)Mil kWiHH 
fc. KflSHL Sfcft, Jfefc«L 

& ft S # 2«&Ttf>S ; Fffiii' * U - V* 5 £■ Hft 
ft. *&W± N «ttTflWf:3iaat*)ifc««SIS3&»6 

ft. aft*. «ft«L *^bft. 7 >y-fcftl|#^&ft¥ 




(2) 
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izmfcztifzc o z^tsmmfofrh^hm i <dmws 

Jg2?»*t. iwfe3glOKtt*fc3g2^ffif 
iralSAJR; * -v 7 r M k W, 1 «®I4JI BHfc 

t mmk-tmm^mm^ 

mtw.2 com&m t <mizm&zixt:4m3fim t i 

mmmfr^&miommk. m2cr>mmt. mi 
gmj-izK^x , 

mm^rmmkmmtm k^wmiz^ mm. mt 

im&6i m%m5tmnwMm>im%m?izt>^ 

mm^fow^j^mz. ¥%mz# 2wm.tx%z>z 
k mmk^mm£ffi%m?. 

$m 5 imcmm&ttMm^z&^x . 

mm? im/ < u *ntz\i. e y tix t ^ 

[ff#if 8 ] M&I 1 , SBSJB2 . ifcttW 



tooo 1 ] 

[0002] 

OS (IEEE MAG-7, 150(1971) 3?#Bg) „ MRfig^SrfflO 
fcOSl'vy K MR^-y K *:£•*) ti. 

[0003] isfp. aaE^iaii«*w/j^ ■ *«jwbwi 
mmmx'h -> x i 7^ # ^ai^* j K 0 aj* & m -y h 

[0004] Fe/CrK 
o/c u«i3 3S18tt^JR)i 1 4tm&MMk *h 

trnx-wzmmLx. &^hwm&mm*R 

wsmimRz^tzkiimzztixuh. xmi-m 
tiwf, fy:-eiooj:*]Hi**si*«Esa£ja3«k** 

jStf-dfcj&qS&SflT^S (Phys.Rev.Lett. , Vol. 61,24 
74(1988), Phys.Rev.Lett., Vol. 64, 2304(1990) ^# 

rx v * y h M&pm § r $> « . 
[0005]-*. 3*«tt«/^N8tte/3lffittJB W 

hz\k\,zz.~>x. ±*%wmmmmt>iih« z<r> 

( Phys. Rev.B. , Vol . 45,806(1992) . J. Appl . Phys. , Vol . 6 
9, 4774(1991) ^#M) . ^tW^^BKOffl^ajSS 
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[0006] 

BkSfrO^. WiH^lSfMKCo^c 

S k»fiEffltt#ffiT LT , WKSmtt^flSLT Li 
k LTffMU .ro&gA-y 7yJf±tC o$%BH£fc 

[00 0 7] U»b£#&. ±fBL££JgA7 7yJii: 
LTN i Fe-&A#<^)«attafJ$'fflt^*B^*:tt. C 

[0008] Xt^^yjR^ffl^/iMRSH^Ker 

tt^mmazx & mmmm^mmmk^wmx-h 

S. rtOj: «0Xt°y;\>7lll£fflU£MR^ 
TO. Si££tt (fflt§*tt) #ffiUkV^fS1gI£#LT£ 

[0009] #3fcBjjti, - co J: 3 $rmBfctt*W-S fcft 

kfcaWkl/rnS. 
[00 10] 

t. mimicr)m<&mkm2<7)M<mt<?>mzm&zii 
[ o o 1 1 ] m i ^^fyaasaJiiSTO. $ btzmm 

2tZEmitz£ 0 fcc*6JMI13i*#*4£*A*y7 



AJPW7rJikmtf>B^k<3*iiifc:> KflSftk 3 

iix^zt^mLttx^. 
[0012] ztz*wnizm&w.2mmmm; 
to. mimAizmiLtzkD^ wmmmmwa 
wmb<m.mm^h^w,i^mmt, i$2<r>wm 
t. mmi<7)m.mtm2(r>m.mtcomizms^tL 

mxffi&mTiz&^x . mm&Timt*m&m 

mt>tix^z>zt$:%f®tix^&„ 

[0013] m2ff)mm,m}^m z Fn. £ t»\mm. 

Hfc«0«JiKfr£fcSm<>5«ttBk, Jg2<7)filtt/f 
k . Mffi 1 <0BHM k» 2<^tt*k afflfclSISfi 

fc*«tt+iaiBk s^rrsx tw^TTs^^firrssBi 
tmmmz. mm. mm. mim. t^maxx/ 
=wstvv) ^mtm^hixx^h z. t zmwLt lx\^ 
[ o o i 4 ] m i nmtmimskm^z&^xii, &m 

A*y7rJik*l<o«ttlk^)WiSfc:, ±$U:J;a& 
AlpN'-y 7 r*k»l flBffiSktoffltOK^ffiSKS* 

J:^l<7)ggttSc0jg^#^a^f^l,, 

mmizm%mtm&m&z.k^t%k%z>„ 

[ 0 0 1 5 ] ifc, H20a^ffiSi^^i 1 {Ci3V^T 
»±. KttT««kaiBttt««kiO*iiifc±5fiLfeJ:-3* 

tt 6 MttTmi k ^Sttft* k <r>mm.Tm~5MM* 
AfffcJWW-tSik^T-**. ftr>t. SMMiafcSff 
^EmffiliiSim&^S LT#5 d k *ng|gk *S . 

[00 16] 

[ 0 0 1 7 ] i-f\ *^BJO^ i ^m^fiiS!)**^ 

(MRtf) zmmt&fztbwmmz'o^x^z,. 
I o o 1 8 ] m i a, in i ^MRS^niiii^i 

mm. 2i±m2?>w.mx'$><o . ztit>ni%xvm 
2<mmMi. 2mizimm&*fflm3tfft&ztix^ 

[00 19]»lfcJ:tf82tf>»ttlK 2tt, Mitf 
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fRZtlX^b. Ztl^cooib, Co k I 
[ 0 0 2 0 ] ±§EL£ J: d&C o^tt^t LTfct 

CotCFe. Ni, Au, Ag. Cu, Pd. Pt, I 
r N Rh. Ru, Os. Hft£<0 lSSfcJi 28£LL£ 

1 1 Z k * s ff 4 L< , tti 8~20JE7% <7)iEHt 

[0021 ] m&£v%,2<m.tm\. 2m 

[0022] ±atfe«twi, 2coa*>, miom.® 
muz&m;<'y7 Tm4±.t,z&f£ztix& y ) . ztuzx 

-5 T3S 1 o&tt* 1 «0«fiSi<Mt^)i*i±t J: SJWRW 

A, N iFeCo^l ^*l£> f«#hli«Bg0>££fcT 
i, V, Cr, Mru Zn, Nb, Mo, Tc, Hf, 

&m*&mZtl&. Ztl^COo-h. NiFe^Ni 

Fee oizmn. m&t&wBrmmt txmmt 

<03MKttft£fflV*4*§&fc:»i, Ta. Ti.Cr, C 
4 k Lxm^l Z k l.mi c7)JS1M 1 tt. fl^- 

[00 23] tlx. 9iinVffiMib&mrfV7TH 

4fc<0#fl5fctt, IS^»^U^il5*W$iiTi> 

tth , MFfflfot \* U 5 &ffi£t h £ k C X ~> 

x. mmiz±hwmmi%m\tem\-$hc\ktf 

•vyrMAk «H«amfflSI£S£ hZk 
»*6*ft £iv5r < 2r 5 fc«>. W^(F>mwm$lVW)%.lz 

mmzim%ti:^mxm<-?hz\ktim±i\\ z 



A'U+fc tT*>«^*;MlSfcfc, T^ffS-C 0.5nm 

mik^-hzkm&u\ 
[0024] m=Fm.^)\m5mmmkLx\t, 
®mz%fe%mm. mm, mm. ? -/ 

i\>\ ztit>cr>?h. nizm&Ltim%x'fr^m = F-cDmm 

W<V^m5lt. A**.y7rJH4£#j8l,fc«fc. % 

t^m. y^mmt:-ktswm%mzm-zkizx^ 

4. 

[ 0 0 2 5 ] 4fc. EfflfcftAU jg 5 m&t&ite 

mt. it^mmmziEmzimx'* <xi>x<. zti^ 

IBM . — UlfcAlpN* >y 7 r 14 cr>$m£fg-o X V vfcfrtti 

y >y<tw$tfmiz&iEitzW£W, mmtwrnrB®. 

JUfS^rV^SiKfc:, ty*-^'fcotMJ; Off 4 

[0026] $ 2 cDj&ttJ! 2 ti. 
fafclrMnlL FeMnJl. N i OK^3&>^SRS* 

tifyh^y-mmxhh * zwymwakLx 
[0027] izx\ mi<?M&jai&£vm2(?mi. 

6. -f&ib-fes (l)lkOe SJgO®^S:EraDL'?o523K 
e Sft<OiB«tf>T483KS«waiSaTi$aiL, (3)483K 

££%.ix%&zktfx'%&. »itt«t m 
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m&m 2 ffim^mm i <7)$tt;i i <mitn^tmM 

[0 0 2 8] ifc. mtiJ:tf»20)«ttfll. 2fc*f 
■f 4 r--;WSHi, ±I2L£ll3<r--/W;|5g£>-f\ 

m i ts it/is 2^att* i . 2 ofe&tt fciftLts-n-**: 

JTC l4K-10lQiagK«O*ftTT--7HBi^ff3. 
[ 0 0 2 9 ] ±j& Lfc«tt« 1 . 2 ffltCiiaSfiS^fflt 

MtliCu. Au. Ag. *4V^lii#i./ai:«tt7C«4: 

«tt+iai 3 oKnw2nieiBi h t aasasHki«a*+ 
s - 1 #t § -r . i ft 5i«*srcfc s t mm 

U 2ia<osaBS-&*-Hi'fc/h$<t*i4:*Wfci5r 

coo30] ±®vtz&miz£ vxvy/wTmnffl 
sfirtsMRSf^tctsv^Ttt, H2(7)jiffii2{iis-ft,ia 

fcSftTHSOfcttLT. $ 1 tf)J8ttJl 1 ttJMRSMWc 
J:oT«fkR<Bt*n:i6. ^J&tt+fSJS 3 Zm/IX'MS. 
ZtiK 2m®&mi. 2«M#fitf)ffl#fM£ftj£# 

[003 1] ±IESIItJB«»MR*Pfc:ij^Tti. mi 
-wl^JMti*i±tfD«:tt«)r--;W!ia*j|Lfcl6 

1 wsttii 1 1 &w <>v7TM4t com^m^ « 

f^y-t/i5W#/f$£ 2iw£XTt^-Z>Z.tlzi. 9. 
£«A •/ 7 r«4 fc J: & £ t 

[ 0 0 3 2 ] <»c , *^b^(7)^ 2 aa£U&£B&££? 

[ 0 0 3 3 ] g|2{±. Jg2tf)MRST<7)--lii&$i<7)g 

Btttt®. 2ttSS205«ttS-ca9. d*i*>Sl*5j:tfS& 
2 oftttfl 1 , 2 PaKcii^tt^S 3 3Wti£3*lT c > 

ifL^aHtei, 2is{iE5iett^^LTfc^-r, 

[0034] 2<7)o*k $10)HtttJB 



«tt*ii 1 tm&mm®frt>%m&Tmi 2 
mi 2tt&Bttft£i i^m%m^m±^m 

X'hh . ; fl^fi LfcSIKtttttf) 3 *>, WtC o*f> 

co^BHt-^coio^co^traiiattfWi. 

OttTJlMJl 2 £fc*«ftfcSli 

Vix-foh. 

[0035] ittTiti 1 2«. m^mmtm^ 
%mw&wmx'ffif£ixi>j;^i. ttz m3±a 

JUTFiM 1 2<?mffifflb LT{±, N i F 
e££, N i F e C o^ife. iil^WSEft^^fcT i . 
V, Cr t Mn, Zn, Nb, Mo. Tc x Hf, T 

a. w, RemnmmmwjiiLx&i&mtitt 
^, coiz^m^muTcmimaLxT^yrx^i 

Witf 7*^7 r o N b Z r-^^*W 
[0036] miftftm 1 1 i:attT*l« 1 2 4: (OR! 

i ^KttJi i a. 9fie»twB 1 1 agaattt 

fldl*#6fcfttc«. ±EL^J: o%m.k t&Zttf 
aSLv^o 4fc, 5l®ttftJll 1 fc«ttT«UBl 2fctf> 

m. ^hty&7v-M&mx'hi, 

[ 0 0 3 7 ] * LT. m 1 ^14B 1 fct>tt&3l«ttK 
HI 1 k«ttTifilBl 2fctfMH8fcli. M^fe£iiA'ij-\» 

M5iffimztixts*)* z\iu,zji;ixmmmzm& 
mmm 1 1 tuttTtfie 1 2 1 ^^^^wj 

s ; t &*mt zo.m Rm^com&femtfai.i- 1 . 

M«^A*y-^B5(i^W(^^-C\ 5iKtt#:iil 1 1 

mx-hhtiK hfom^tmm&Mi ltrnmrnm 
m&MvfflwgkizMmwzmzz^&wx'mKt&z 

•r^'i. tm^&M^v^t Lxnwmmbtihtzth. 
[0038] i!?mw< 'j *m 5 «)«jstm«. m 1 ^ 
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[0039] ajt. Mms!L'* i J j rm5&m&t&ft& 
mi. ^aawfcjE«=3rtHjs-c* <tti<. 

ffiJi, — $fc&KA 7 7rl4 cr>$m£W-o TV*5rWi 

t , %«&tti 1 1 <7)mmMm%*?m i dbhsb i <r> 

[ 0 0 4 0 ] #fc . 1 1 tSttTtiiJii 1 2 1 

s ttflHHMI 1 1 1 ©ttTJffi® 1 2 1 tOS^KMW^ 
£*+4Ncfiio±T. BSFHt&rt 'J 5 £ SSffittf*:^ 
R»«ttftT®jfct4 i i: fc #4 U \ Mfltfaf < y A* 

Fe x N#^\ 4fcR3l«Ettfl!i:LTttNiO, Mn, 
[0 04 1] fcfc. ^2coatt«2(±. fl}»U3Si<o 

[0 04 2] ifc, m«flH!WliSJtf3&2«H^ 

2 ttt , ita* utss 1 ^mmmmt nmiz . e^r-- 
mot**. 

[ 0 o 4 3 ] ±j£ Uzm& eyy ^TlMIJi l 
3£&«f6MR*B:fcvvn±, ^2«68ttii2(iii 

[0044] ilEHIteKII^MRJR^fctJv^tt. ft®. 

tt*si i fc«ttT«ai 2fccow;, mm. mtt 

SHKttftH l 1 1 fi&ttTffia l 2 ^l^iiMS&ifc 
*3c£LT»RW-4.: 4. 4fc. KflfeffcAy 

■WB 5 SainHTfc -T 5 <T fc J: -a T . 



tt*wi 1 1 tmttTftjf 1 2 tnmssjm&tmo z t 

fc£Hfc*>, «ttTJMI 1 2 J: 1 1 «oR 

-tJESWBJBfcOMRSR^fciiUf . KttTifiJtl 2fcJ; 
£fcs isiiCi^imw^^Wc^s; 

[0045] *m?)W.mm$m?iziz. zm? 
i / z*>xn$£z® : &i-&fzfrn—i(tnv-FWMtfmn 

m=wry&mjmt, m^m%mmmzmtz. §> 
^i^<^ms^-ftufi£mm-tizk iz± vm® 
■ess. 

[0046] mm. tr v»tt«*i <tt/7 u nsttik 

z?>mmisnt^mzhy*)vmm£'d!LL, zcnvy* 

-e^-f^Tffifc^M^M-ts. -j^y-H 
mwmmi. mtimmimm^crt^mzmm^. 

[0047]££fc, y- H«Sfc ^«Ji 

y -aatw^)«K<JD«*sr«iiw-r 4 fcAtc . 7 y -a«t 
mm-* < i 1 7 y -itti^wwfci^^E^^ 

* 7^' -y h (abutt) ^T^7 y -SffifOffigP^SlWe 

&mzmmm-z>tttfmmmTh & . 

[0048] *^BJc7)Sg^ffi$i^,^S^{j;, 0yi.(jT^ 
ISiiS^gBwS^fflMR^.y KflJGMR*^*: LT 
ifc. *^<OKSUSi(aWI«^GMR 

s^-y Hfcfflv\ iimfeiiK-y h't-ftfcffM-rs<i 

«i. ^7 KfcRg^-f, MRAM#oaSllB1iSafc 

[0049] js^iBit^.y 'j>-%< t fc-»««ft 
fcswgjs§*is. ia«iB4*iiMa^^-y m 
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c o o 5 o j H3{i, ±Mitzmmmm^>GMRm=Fi 
w^-y mizmmu.:tmw£.wm®M^-y mm 
mmz^-rmxfo h . m 3 iz&ux 2 1 ammx-h 0 , 

i^)*S2 1tLT{±Al 2 0 3 J12r1nM>Al 2 0 3 
■ Ti C»£#ffll^ftl>. Zcr>£ o%m%2 lcr>± 
^ffl±£l4, N i F F e S i A 1 T^/U 

7rxcoZrNb ^mnwmmm^z&Twm 

^~)VYM2 2#«$*iT^4. TdJJSmv— ;l^K 
«2 2±t«A 1 O x ^0#ettlfi^«f4*^5r^Tffl 

mx"t]\ Ltzx ^y^iuymMmm^GM ru 2 4 agas 

[00 51] GMRR2 4fcT«B£«SWf*-y7 , 2 3 

a<n>u rxm^-mm 2 5 #\ gm r^ 2 4 os-jra 

4. GMRR24i:fcte. Cu, Au, Zr, T 

am*t>%$>-ttcomm2 6tfBi&ztixt5t), z\<n- 

itnmm 2 6 i 0 gm RR 2 4 fc-b f^TO&Pftl&S 
*U . ;^I^> GM RH2 4 , —ttWU T^aiWUUR 
2 5fcJ:tX-^<7)ttffi2 6{iGMR*^gP2 7S:^L 

[00 52] GMR*?«2 7±fcl4. TMH^BBMP 

+ -y 7- 2 3 1 ®m%#mmmmmfrt>%z>±mm 

mW-yT28ZftLX, TWBSU'- ;U 2 2 t R 
^*8tt^j^&4±W^5/--/PKJl2 

[00 53] ^-^F3'GMR'\.y H 3 0 _tfcU\ ggg 
^>y HSPfc LT^)Mf\^-y K3 lim&ZtiXm. 

m2 9tm~^m.mizx *)nmztix^6. -t%t> 

y-^K!MR\7 H 3 0«±BB8»y-yH«il2 
9 « . ffKH&l^ -y H 3 1 ^T®IIEiliSffi^*h-C V > 

±wi, a 1 o, m^mmmm^^umm, 
773 2 b±mmmm3 3bmmzm^tix. 
im^-y mt ixwrnm.^ K2 1 m&ztix^ 

6. 

[0 0 54] ifc, H4{4±»Ufcjtt([JR|||tfOGMR* 
fc*tMRAM4 Ott, tfyzmm*?s iWm<n&R 



4 1±fc»jjt$ixfeGMRR4 2*^rLTV^. £<DG 
MRJ14 2i±. MilfStlL^lMlt-iL^ey 

^TTSSJK^ftl, fc<0TA* . GMR14 2(0±gp 

fctt, «ayi4 3*^Lr»sa*«ff4 43&«R(tii,ii 

ttz. GMRK4 2^HSSBUfctt, Auf4>^ 
5:4^+^ h*4 5*^U-C-#f«)»»ajU»fi4 6# 

IxfT^ftTV^,, ^cOidtLT. MRAM4 0^'K 

[00 5 5] 

4. 

[00 5 6] ggffcffll 

3MWfc S i S&_b£x A' «y J: o T . t fWttTJft 
M 1 2 i; LTJUflOnmfiOrt;^ r * C o N b Z r 
lit RJ* 2nmi0N i F e££R£|flfcjSRLjfc. 

T\ Ni Fe^i»iiA' 7 7rl4^iia^{ ) <?)t 
#>&<, 

[0057] JJBN i F e ^KWUctt, -J. 

*<n$mi*mzmi . n i f e ^ARifc^iwsis* 

WttHfcKfflTEM-ClK&i:^ ¥%JI§{i|<7 Inn 
[ 0 0 5 8 ] ifcfc. «C«IK«LftN i F e 

iam±^ mm&mi 1 1 ixm 3nm^co 90 F 

eio-^AK, im^mS3blXmm 3nnK0Cu«L 
%2<m>m2b Lxm 3nm<7)Co 90 Fe 10 ^^ 
K3iattS6 t LTJliilOniDCT) I rMn^i ftHif 
tLTMif 5nnWTaJR*J|l(S|IJf LT. >ltW^7* 
flHlRl 3(7) ZftMltz. 
[0059] *^t(7)ik!B^iJl t LT. N i F 

i<0ttKWl^ew^7*8tl«'CJ4, NiFe 
^lifc C o 9 o F e , o ££Mt WmtzErf-fflkrt V ^ 

[ 0 0 6 0 ] jjb l 3t mm m 1 <t wt. mm 1 1 i 4 # 

<nMRmtm*m%Ltz. vLn^amt mmnr-- 
x/ mtiTmcr>T~->\,mz%ti?tLMfcl. zti^m 

jasjR*»^«t0ifc j: t m Rm=F b immiz x t mrs 

^M£tt£itt£L/L% #T--/H^ia(SjaiSfe«i5MR 

[006 1] 
[Hi] 
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mm 

(as depo) 






5mm 






6. 25* 


8. OX 


8. OX 


8. OX 


8. OX 


mmi 


6.9% 


6. IX 


5.9X 


S.4X 


4.9X 



c o 90 f e l0 &&m%mizi&?m<i><v j rm£B&i.iT 

BkOSJlfcff o T M R^ft^'M^ L«Jt, 100B$fg<7> 
Tr.-;^(Z{JM R3gflSS#4. 98& t fc. £ *Ui 
Ni Fe^^/Co 30 Fe 10 ^|i^ffltJI^ic^ 

o wiaoiR^fflasitowisff l , ; *uc x -> x m r^ 

«0MR3imiJR$}gtt (IM) <0ffiV^<0"C*ofc. 
[0062] -JEf % N i F e G&Mtmimt-Btt 
m LT N i F e ^AR/C o 90 F e , 0 &&m*miZSL 

^m.^j^mzmtfLLtz'mm i -m. j&se&oft 

MRSfts(5i*8.oj:*T±#Lfe. ;#Ui 2^)7-- 

;wsat i 9#«o|gfltt*i&*i*U:?-* fcftjc, n i f 

^B#^<7)7--;PSrfi : -5Ti>, MR3Eft*tt8. 
0^MiHH\ N i F e£&K/C o 90 F e 10 £#H 

Rmcoj%?&W)Wit>tix^tz.btfftfr&. z<dx 

•3t. ^MS0ll(©MR3R^{iSgE£tt (H£tt) t«i 
[00 6 3] HMM2 

m&TWB 12k iXJgmtomtoTtfry r xc o N b 
Z r ffltff 2nm?)N i F e£&R£JGfc:jfiH8L 

&i>CDX'$>&. 

I 0 0 6 4 ] iJEN i F e£$&£#jftUfc8HC--.I.T 
nsd*sfiX*mXL. N i F e-^jRaXjf £|gftjR£ 



fc. «+Oit«i?iJ2(i3lMi?-ftJicr)J?$^*^c7)igH 

[0065] 
IM2] 





m 

No 


(mO 


•mm 


i 


0.3 




2 


0.5 
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(54) M AG NETO RESISTIVE EFFECT DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To restrain a magnetoresistive effect device 
with a spin valve film from dissipating heat, so as to improve it in thermal 
stability without deteriorat ing its performance. 

SOLUTION: A magnetoresistive effect device is equipped with a spin valve 
film 7, composed of a first magnetic layer 1 formed on a metal buffer layer 
4, a non-magnetic intermediate layer 3 and a second magnetic layer 2. An 
atom diffusion barrier layer 5 formed of oxide, nitride, carbide, boride, 
fluoride or the like of thickness 2nm or below is provided at an interface 
between the metal buffer layer 4 and the first magnetic layer 1 . Or a 
magnetoresistive effect device is equipped with a spin valve film 7, 
composed of a first magnetic layer of laminated film structure which 
consists of a magnetic base layer and a ferromagnetic layer, a second 
magnetic layer, and a non-magnetic intermediate layer interposed between 
them, wherein an atom diffusion barrier layer formed of oxide, nitride, 
carbide, boride, fluoride or the like of thickness 2nm or below is provided at 
an interface between the magnetic base layer and the ferromagnetic layer 
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CLAIMS 



[Claim(s)] 

[Claim 1] In a magneto-resistive effect element possessing a spin bulb film which has the nonmagnetic middle class 
stationed between the 1st magnetic layer formed on a metal buffer layer, the 2nd magnetic layer, and said 1st magnetic 
layer and 2nd magnetic layer, average thickness to an interface of said metal buffer layer and 1st magnetic layer A 
magneto-resistive effect element characterized by establishing an atomic diffusion barrier layer 2nm or less 
[Claim 2] The 1st magnetic layer which consists of a ferromagnetic containing Co formed on a metal buffer layer which 
has a fee crystal structure The 2nd magnetic layer A spin bulb film which has the nonmagnetic middle class stationed 
befcveen said 1st magnetic layer and 2nd magnetic layer It is as being the magneto-resistive effect element equipped 
with the above, and being chosen as an interface of said metal buffer layer and 1st magnetic layer out of an oxide a 
nitride, carbide, a boride, and a fluoride that it is few. It is characterized by establishing an atomic diffusion barrier layer 
which uses one sort as a principal component. 

[Claim 3] In a magneto-resistive effect element according to claim 2, average thickness said atomic diffusion barrier 
layer A magneto-resistive effect element characterized by being 2nm or less. 

[Claim4] The 1st magnetic layer which consists of a cascade screen of a magnetic substrate layer and a ferromagnetic 
layer The 2nd magnetic layer A spin bulb film which has the nonmagnetic middle class stationed between said 1st 
magnetic layer and 2nd magnetic layer It is the magneto-resistive effect element equipped with the above, and average 
thickness to an interface of said magnetic substrate layer and ferromagnetic layer It is characterized by establishing all 
atomic diffusion barrier layer 2nm or less. 

[Claim 5] The 1st magnetic layer which consists of a cascade screen of a magnetic substrate layer and a ferromagnetic 
layer containing Co The 2nd magnetic layer A spin bulb film which has the nonmagnetic middle class stationed between 
said 1st magnetic layer and 2nd magnetic layer It is as being the magneto-resistive effect element equipped with the 
above, and being chosen as an interface of said magnetic substrate layer and ferromagnetic layer out of an oxide a 
nitride, carbide, a boride, and a fluoride that it is few. It is characterized by establishing an atomic diffusion barrier layer 
which uses one sort as a principal component. 

[Claim 6] In a magneto-resistive effect element according to claim 5, average thickness said atomic diffusion barrier 
layer A magneto-resistive effect element characterized by being 2nm or less. 

[Claim 7] A magneto-resistive effect element characterized by forming a pinhole in said atomic diffusion barrier layer in 
claim l , claim 2, and a magneto-resistive effect element according to claim 4 or 5. 

[Claim 8] It is the magneto-resistive effect element characterized by said atomic diffusion barrier layer consisting of a 
to cS^orT" antlferroma S netic subst *nce in claim 1, claim 2, and a magneto-resistive effect element according 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

£d S^b^^ 011 inVenti ° n bel ° n8S] ™ S inVenti ° n rdateS t0 thC ""P^^ve effect element which 
[0002] 

[Description of the Prior Art] Generally, read-out of the information recorded on magnetic-recording data medium 

meTod 7 ^ ^ haS * ^ t0 rGCOrd medi ™> ^ ^s S^SSSSy the 

SS^JfT** r 1 ? 86 ^ WhlC , h mdUCti ° n iS Canied ° Ut t0 a C0il * the electromagnetic induction then 
fllent^ V ,7*' WhCn re t dlng information ' ^ a magneto-resistive effect ekment (henceforth, MR 
S utS < refe f nce such as IEEE MAG-7,150 (1971)). The magnetic head (it is hereafter described as an 
MR head) using MR element uses the phenomenon m which the electric resistance of a certain kind of ferromagnetic 
changes according to the strength of an external magnetic field. rerromagnetic 

S 0 ^™ 6 ^ 11 J? f ^ty;^ 0 " of magnetic-recording data medium are advanced and the relative velocity 
of the magnetic head for playback at the time of information read-out and magnetic-recording data medium 
small m recent years, even if it is a small relative velocity, the expectation for the MR head which can to out a bi^ 
output is gTOwing^Here, the nickel-Fe alloy ******** permalloy system alloy has lmiTfl?SS is § 
hereafter called MR element) from which the external magnetic field of an MR head is sensed, and reSance changes 
However, a permalloy system alloy has inadequate magnetic-reluctance rate of change as a MR element f^ maSc ' 
ecording data medium by which magnetic-reluctance rate of change is about 3% at fhe maximum, and whL3good 
soft magnetic characteristics was large-capacity[ small and ]-ized. For this reason, what shows a Wgh sensS * 
magneto-resistive effect as a MR element material is desired. y 
[0004] It is checked that a magneto-resistive effect with huge multilayer which the laminating of a ferromagnetic metal 
membrane and the non-magnetic metal film was carried out [ multilayer ] by turns on some conditions, a^SeLut 
Tl7Tr^ tl T aS f ^ atK T f b6tWeen thC a PP roachi »g ferromagnetic metal membranes like Fe/C or Co^u aiT 

^ 7 V h ° Wn t0 SUCh Want AcC ° rding t0 the ^ cial film > ^ » reported that the big 

magnetic-reluctance rate of change exceeding 100% at the maximum is shown (Phys.Rev.Lett., Vol. 61, 2474 (1988) 
Phys.Rev.Lett., Vol. reference, such as 64 and 2304 (1990)). However, since an artificial grid film has the high 
saturation magnetic field, it is unsuitable for MR element g 
[0005] On the other hand, by the multilayer of the sandwich structure of a ferromagnetic layer / non-magnetic layer / 
ferromagnetic layer even when a ferromagnetic layer does not carry out antiferronfagnetism association toe exSle 
which realized the big magneto-resistive effect is reported. That is, the non-magnetic layer was pS^SSSe^s 
is exerted on one side of two ferromagnetic layers, magnetization is fixed to it^d flux Reversal Kf^SaT 
layer of another side is earned out by external magnetic fields (signal magnetic field etc.). Thereby ftWteSed 
on both sides of a non-magnetic layer. A big magneto-resistive effect is acquired by changing the re atWe S o^f 
magnetization direction of two ferromagnetic layers. The such type multilayer is caned thfspin bufb fum (Reference 

^^Si^ 5 ^ 06 (1 ii 92X J - App ; ph r-' Vo169 ' md 4774 (1991 »- Although tbe 

ot change of a spin bulb film is small compared with an artificial grid film, since magnetization can be saturated with a 
tow magnetic field, lt is suitable for MR element. It has a practically great hope for £ MR head using 

[0006] 

^S^t^lh^ ^7? ^ By ? 6 Way ' ^ MR 6lement USing the Spin bulb film mentione d above, it is 
made important to raise the crystal stacking tendency of a ferromagnetic layer etc. and to raise soft magnetic 
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examined by forming the metal membrane which has a fee crystal structure as TbufZ ^lr Z fl ^ ° Y 1$ 
ferromagnetic layer on this metal buffer layer ayef ' ^ formmg Co s y stem 

tevePthZlZm^ S °^ magnetiC m ?T ls ' SUch as a NiFe all °y' ™* ^ the above-mentioned metal buffer 
layer, thermal diffusion will happen easily between Co system ferromagnetics, and a magneto-resistive effect will 

dSr.e ' ^ bC,Ween 3 fc ~* ^ «> a -g_fc s»b Stra , e lay£, and a ma^K S^ec. wi,l 

lavJr comair^ <T £ WlUCh C ° nSiStS ° f 3 CaSCadG SCreen of a ^gnetic substrate layer andTfe^omagnetic 
layer containing Co as the 2nd magneto-resistive effect element was further indicated to claL 5 In a ZeHL 

SSUS M H 0re K 0Ve V n thC ^^to-^sistive effect element, since an atomic diffusion barrier layer which was 



[0016] 

[Embodiment of the Invention] Hereafter, the gestalt for carrying out this invention is explained. 
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describee^' Ae 86Stalt Canying ° Ut 1116 lst magnet-resistive effect element (MR element) of this invention is 

[001 8] Drawing! is the cross section showing the important section configuration of 1 operation gestalt of lst MR 
element. In this drawing, 1 is the lst magnetic layer, 2 is the 2nd magnetic layer, and the nonmagnetic interlaver 3 
intervenes between these lst and 2nd magnetic layers 1 and 2. Antiferromagnetism association is not carried out 
mm m^ 86 magnetlc lavers 1 md 2 > but * constitutes the cascade screen of an uncombined mold 
[0019] The lst and 2nd magnetic layers 1 and 2 are constituted by the ferromagnetic containing Co iike for examole Co 
simple substance or Co system magnetism alloy, or ferromagnetic like a NiFe alloy. Especially as a ferromagnetic ' 
containing Co, it is [ among these ] desirable to use Co system magnetism alloy with which the bulk effect and the 

mS^ Ce 6 5 eCt ° h affCCt MR Variati0n Can both be enlar 8 ed ' and bi S ^ Nation is obtained by this 
[0020] as Co system magnetism alloy which was described above - Co - Fe, nickel, Au, Ag, Cu, Pd, Pt, Ir Rh Ru Os 
Hi, etc one sort - or - The alloy which added two or more sorts is mentioned. The amount of alloying elements It is ' 
desirable to consider as five to 50 atom % , and it is in a pan. It is desirable to consider as the range of 8 - 20 atom % 
This is because there is a possibility that the interface effect may decrease greatly shortly when a bulk effect will not ' 
fully increase if there > are too few amounts of alloying elements, but reverse has too many amounts of alloying elements. 
When obtaining big MR variation, as for an alloying element, it is desirable to use especially Fe 

in?ain^ e ° Ve f "J^S* ^ lst "* 2nd magnetic layers 1 2 > * is t bi g MR variation is obtained 

a 8 Bar khausen noise can be controlled ] desirable to consider as the range of l-30nm 
0022] Among the magnetic layers 1 and 2 mentioned above, the 1 st magnetic layer 1 is formed on the metal buffer 

improvement by improvement in the crystal stacking tendency of the lst magnetic layer 1 
s achieved by this When using the ferromagnetic containing Co which was described above to the lst magnetic layer 1 
rt is a metal buffer layer 4 The metallic material which has the fee crystal structure, for example, a NiFe alloy a ' 

t w ° i°o y ' 7 aU ° y Whi ° h added md formed elements, such as Ti, V, Cr, Mn, Zn, Nb Mo Tc Hf 

la, W, and Re into high resistance into the alloy of the fee crystal structure is illustrated. A NiFe alloy a NiFeCo'allov 

™* 6 ! iC SUbStratC layer mentioned later these. Moreover, when using ferromagnetics 

iTvt 4 T^ y ' ? T 1 St rT tiC ,ayCr 1 Ta ' Ti ' Cf ' CU ' AU ' Ag ' these allovs ' etc - can be used ™ a metal buffer 
layer 4. The 1 st magnetic layer I is the magnetic layer which carries out flux reversal by external magnetic fields, such 

as a signal magnetic field, and the so-called free magnetic layer. 

[0023] And the atomic diffusion barrier layer 5 is formed in the interface of the lst magnetic layer 1 and the metal 
buffer layer 4, and the thermal diffusion of the atom between the lst magnetic layer 1 and the metal buffer layers 4 at 
tfie time of heat treatment is controlled by this to it. That is, by forming the atomic diffusion barrier layer 5, it becomes 
possible to control deterioration of the magneto-resistive effect by thermal diffusion, and the thermal stability of MR 
dement improves/The atomic diffusion barrier layer 5 is thermally stable, and although it is required to suppress the 
atomic counter diffusion between the lst magnetic layer 1 and the metal buffer layer 4, since the membraneous 
improvement effect by the metal buffer layer 4 will no longer be acquired if not much thick, it is desirable to make it 
thin in the range which does not have an adverse effect on atomic counter diffusion depressor effect. For this reason the 
thickness of the atomic diffusion barrier layer 5 is by average thickness. It may be 2nm or less. However, since the ' 
function as an atomic diffusion barrier will be spoiled if too not much thin, it is by average thickness. It is desirable to 
be referred to as 0.5nm or more. 

[0024] As a component of the atomic diffusion barrier layer 5, a stable oxide, a nitride, carbide, a boride, a fluoride etc 
can be used thermally, and these may be used with gestalten, such as not only when using as a simple substance but ' 
mixture and a conjugated compound. Among these, especially formation is easy and the autooxidation film which is 
excellent in an atomic diffusion control function, a scaling film, a passive state film, etc. are used preferably. The atomic 
diffusion barrier layer 5 which consists of these compounds can be formed by once exposing the front face to 
ataosphenc air, or exposing into the ambient atmosphere containing oxygen, nitrogen, carbon, boron, a fluorine, etc 
after forming the metal buffer layer 4. Moreover, ion-implantation can be used or it can form by exposing to the plasma 

[0025] Moreover you may not be a presentation exact to stoichiometric, and the compound which constitutes the atomic 
diffusion barrier layer 5 does not need to construct the beautiful crystal lattice, and may be in an amorphous condition 
Furthermore, the gestalt of the atomic diffusion barrier layer 5 must not cover the front face of the metal buffer layer 4 
uniformly, and after [ such as a condition, / discontinuous ] the condition that the pinhole was formed for example the 
above-mentioned oxide, a nitride, carbide, the boride, the fluoride, etc. have existed in the shape of an island, it may be 
formed. It is more more desirable for a pinhole etc. to be in the degree which does not have an adverse effect on atomic 
counter diffusion depressor effect. This is because there is a possibility that a membraneous improvement effect and 
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ZS Th b u redUCCd ; ^ ±C ab0VC P0int is taken mto consideration, the average size of a pinhole is 

m<™ On Z otfT 6tWeen P^ 0168 WhiCh adj0in mutuall y' or il is desira ^ that it isSX Sn^ 
[0026] On the other hand, magnetization fixing of the bias magnetic field is given and carried out by me hard 
magnetism layer which consists of an antiferromagnetism layer 6 which consists of the iZn film ZZa \ v w 
film, a NiO film, etc., or a CoPt film, and the 2nd magnetic layer 2 is t so c2d p£ ^Sl^S^^ 

I carri f d °* magnetization fixing of the magnetization ofa ferromag^eSayer nth ' 

SSS_^ 

mllS ° f T dement ' aS f ° r the magnetization direction of the 1st 

^S5^v tot^of3? C ^ ^ ll c 1S u eSimble * at ^ £Xtemal magnetic field makes ft ****** 

w , 1 f f f f ° r eXamp,e - Such a magnetization condition can be acquired by performing 
annealing treatment as shown below, namely, (l)lkOe while impressing the magnetic field of a de™ - abouf 523K 

magnetic held ot a degree The 90 degrees of the impression directions ofa magnetic field are rotated and it cools to a 
room temperature m the p lace used as about (3)483K temperature., By such annTaling teea^^he^^ed 
rectangular annealing), it is stabilized and the magnetization condition made to int^^^^^^ 

STtto^TT mag T ization d f Cti ° n " d6sirable in makin g * e magnetization Stionol tl fsTmagnetic 
direct n 1 ^ °T direCtl ° n ' makmg the magnetization direction of the 2nd magnetic W 2 into afert cal 
magS 1 . medmm ° PP0Sed faCC WWch interS6CtS ********* -i- the maffZ^S^:^ 
[0028] Moreover, annealing treatment to the 1st and 2nd magnetic layers 1 and 2 is carried out not only the above 
mentioned rectangular annealing but in order to raise the crystallinity of the 1st and 2nd iiuSefc l£2s 1 and 7 At in 
this case, about 100-400K temperature Annealing treatment is performed on the conduio3f mlnuS - ab'ut 10 hours. 

I°n fl 2 ™L^T^ eti< ; lay f 1 , mentioned above and the nonmagnetic interlayer 3 stationed among two are constituted bv 

£ts 2^^= _r mes d,fficult ,o carry - - 1 ™* — rr a 

S°J J" 16 ?",!! bU ' b T 03 ^ SCreen 7 was constitute < i >>y each class mentioned above, and in MR element Dossessine 
m,5,Z m , bu,b ? sc " de screen 7 - the 2nd ™S"<*<= 'ayer 2 has been arranged on both sides ofttfe nZaS 

[003 1 ] In MR element of the above-mentioned operation gestalt, since the atomic diffusion barrier layer 5 which 
becomes the interface of the 1 st magnetic layer 1 and the metal buffer layer 4 from an ai^T^^^^sh^ 
a fluoride etc. _ formed, when annealing treatment of the sake on rect Jgular ai^S^S5^te^ above 
and Sl/h TT " T f °T d ' * " StabiHzed md mC at ° mic counteTdiffusion bLJ^Z^^^ 
Zn g reS SS" ^ S ^ mickness of ^ atomic diffusion barrier 5 By 

oeing referred to as 2nm or less, the membraneous improvement effect by the metal buffer laver 4 can akn fiillv 

3, res ' stlv e eilect by thermal diffusion can be controlled while the membraneous improvement effect bv the met*\ 

S2££___" acqmred ' * becomes p0SSlbIe t0 aim at impr ~ - » XltSS 

Se^' 86Stalt Canying ° Ut ^ ^ magneto-resistive effect element (MR element) of this invention is 

EtSk 2 hC , l°Z1 f° n ^TT ^ SeCti ° n 'Ration of 1 operation gestalt of 2nd MR 
element. Ir^rawmgl Jj^Jstmjign^^ layer, and the nonmagnetic interlaver 3 

"toenejbet^^ 

I0U3.4J mejsj m^ k by the cascade screen with the 
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f^ M ^4 th ^f^ AmQn^theseJfliefemm^ layer 1 1 is a 

magnetic characters of the ferromagnetic layer U. Hcr^amongThc kwn^cs mcntloZS]^ f 
independent, smcc these things [ realizing good soft magnetic characteristics j are difficult for especially 'the 

™ the §oft-magnetic-materials film which consists of a magnetic substrate layer 12 and one sort of soft magnetic 

alftou^noi.^sjn^ 
Which was dM^ 

ferromagnefic layer 1 1 and the magnetic substrate layer 12 magnetically and it sees in S^ofSc£\ is 

[00_37] AM the atpmicjli the interface of the ferromagnetic lavcr 1 1 and the maonrhV 

substrate layer 12 in the 1st magnetic layer 1, and the thermal diffusion between ^S^^^i^SZ 

diffusion banner layer 5, it becomes possible to control deterioration of the magneto-resist ve effect byZ^ 
aftaoju^^ The atomic diffusion barrier layer 5Js EX stable 

substrate layer 12, if not much thick, in order that magnetic association between the ferromagnetic layer 1 1 and the 

magnetic substrate layer 12 may go out, it is desirable to make it thin in the range which doef"S have an adverse effert 
oiiat^co^ 

average thickness. It may be 2nm or less. Eo^r^MM^ ^^^m^^mb^^ 
mm Theco mponent of the atomic diffusion barrier layer 5 is as the 1st operation gestalt having described like the 1st 

Cfintr^ncti^ AM^^^SSKk also 

de__ib<_jh^ an atomic dimaoni?airiCTjayff5_ on gesiait naving also 

mm MfflHfflecoffiiij^^ whi h constitutes the . 

diffusion barrier layer 5 does not need to construct the beautiful crystal lattice, and may be in Bn^^TJa^ 
u^ormlv^nd^^ was fonnedfbT^pl^me 

f0m f By forming ,n a discontinuous condition, it can obtain good rather than it fi^Weti^dSofSte 

S abo ^ andloform the 

tt feL^ C dlSCOnt T° US ^ ndition > ^en fully maintaining magnetic association between 

thejen^gneiicj^ Moreoyer.jyhen fully maintainino magnetic 

a^ dTA ^°T m f C layCriT and the -gnetic substrate layer 12, 'it is also desi" to bnnTe 

i ustrated as a ferromagnetic which constitutes the atomic diffusion barrier layer 5, and NiO Mnx N So etc 'are ' 
illustrated^ th e antifer romapnetir. si.h^n^ * ' — yam^yinxjN, cou, etc. are 

dwrl ivthcS^ ^ T^f* 'T" ^ pi " magnCtic **** ^ whidl thc magnetic field was 

gryenby^anto laver and ma flzatjon fixing was e^ed ont Hk P th. 

mm Moreoyer^^gula^^ disposit ion, etc. are perform^ 
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Sl^f^^^ The conditions of 
PmcessupfJhe^ onamonsot 

[Q043 J The spin bulb cascade screen 13 was constituted by each class mentioned above and in MR element ™ 

P* 41 1 4 4E ^ k ? mLQ ^^^ the atomic diffusion barrier laver 5 whien 

tanc^^ andjh^^^^ 

carb de, a bonde, a fluondc, etc. ,s formed, when annealing treatment of the sake on rectangular annea in« which was 

roS5Trn PQSS1 i 6 at lm P r ™ e Qt in StabiHt y' after attai "«* SrfonnanS-Lation ' * 

Sticlavv^ ^ « *e interface of a pin 

formaaon i ,» earned out on th ejmderside, Or cormechon formation of one lead electrode can b7cam xh" u. •„ 
De earned out at the edge of a magneto-resistive effect element " 

c™o^ 

LM48J Tie magneto-resistive effect clement of this inventi is used as the GMR element section nf the MR h»»A f 

S^S^ s bm ,be *<■• * in^n:;'^ fo, 

[QQ42] ^gngtic_:ec^^ coil which sup plies a current magnetic field to the mafJnP ti, f 

coup e the magnetic gap pinched by the magnetic pole of a couple in a dJ£X£^ t 3 2 f 
ppieofacoupje at least. Laminating formation. of a GMR head and the magnetk^rdbghead t^^SST 

heads^e^maj^ 

ol thLS Lnvenhpn as:„a P laybac^ vyhich guides a daMrmedium magneticjeld, Un^^^d^^^T 

realizable using well-known technology, y ^ucn neau structures are 

[0050] Drawing3 is drawing showing the example of structure of the record playback discrete-type magnetic head 
which applied the GMR element of the operation gestalt mentioned above to Wzv^A^S^d^X drying 
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3 , 21 is a substrate and it is aluminum 203 as this substrate 21. aluminum2 03 the TiC substrate etc wWV, w o i 
are used. On the main front face of such a substrate 21, the bottom magp^M^^S^^^ft^ 
magne ic materials such as a NiFe alloy, a FeSiAl alloy, and an amorphous CoZrNb Illoy, is foZed ^bottom 

r e s c nt^; ng la r 2 i *? - Alox , etc - - Ae gmr fiims 24 > such as a «*» *»> sS^-S^S t he 
z^SSr 316 fomed ^ Ae bottom playback — « 23 wM «— - 

K^T^^ fllm ^ ^ b0tt ° m Playback magnetic 23 > me bias »«8netic fi eld impression film 25 
of the couple which impresses a bias magnetic field to the GMR film 24 is arranged at themagnetic field dSecll 
element, i.e. ends outside of regenerative track, side of the GMR film 24. Moreover, o ^^^ d £ ! SS Iode 
26 of a couple which consists of Cu, Au, Zr, Ta, etc. is formed, and sense current is upplied to the GMR film 24 with 
the electrode 26 of this couple. These GMR film 24, the bias magnetic field impression film 25 of a Tuple md Z 
electrode 26 of a couple constitute the GMR element section 27 P ' 

[0052] On the GMR element section 27, the upside magnetic-shielding layer 29 which consists of the same soft 
magnetic materials , as the bottom magnetic-shielding layer 22 is formed through the upSSSL. 28 

GMR S^O °T Sam ~f e « c insulatin 8 serial as the bottom playback n^SfcSS.ZSSISS 
GMR head 30 as the reproducing-head section is constituted by these 

H ° n Sh i eld mold GM , R h f , d 30 ' me thin magnetic head 3 1 is formed as the recording head section The 
bottom record magnetic pole of the thin film magnetic head 3 1 is constituted by the same magS^^J^de 
magnetic-shielding layer 29 That is, the upside magnetic-shielding layer 29 of shield m ld S head slaves as he 
bottom record magnetic pole of the thin film magnetic head 31. the bottom record magnetic pole 29 to serves as 
a besides side magnetic-shielding layer - AlOx etc. - the record magnetic gap 32 and Ae upside record 

[0054] Moreover, drawing 4 is drawing showing the example of 1 structure of MRAM which applied the GMR element 
of the opera ion gestalt mentioned above. MRAM40 shown in this drawing has the GMR fihn 42 formed on the 
substrates 41, such as a glass substrate and Si substrate. This GMR film 42 consists of a spin^b^^^n shown 
with the operation gestalt mentioned above, for example. It writes in the upper part of theoC filn ™ ^ touS an 

S end! fnT dC u 4 u iS fonned in iL Moreover ' ^ reafoutdectrode 46^a couple s fort^in the 

both ends of the GMR film 42 through the shunt layer 45 which consists of Au etc. Thus, MRAM40 is consZed 

[Example] Next, the concrete example of this invention is described 

[0056] By the spatter, they are the amorphous CoNbZr alloy film of lOnm of thickness, and thickness as a magnetic 

s abbreviate,, when the condition of this passive state film was investigated in the cross section TEM iTwas iZ md 
the formation condition was island-like discontinuity. i™. uwjsinmaiio 

[0058] Next it is thickness as a ferromagnetic layer 1 1 on the NiFe alloy film in which the passive state fllm was 
formed on the front face A 3nm Co90FelO alloy film, It is thickness as a nonmagnetic intelayer 3 Itis tofcknls as 

Son^SS 1 ? ^ Patteming ° f Cach t n Mb CaSCadC SCreen ^ * e above-mentioned example 1 and the above- 
mentioned example 1 of a comparison, annealing treatment was carried out by 523K resnectivelv Th,,« MR r^T 
change of each obtained MR element was measured. MR rate of change It SSSSS'oSh^ lea L 
of 10 hours, and annealing of 50 hours. It measured after annealing of 100 hours, respective! T^d the 
of MR element by the example and MR element by the example of a comparison waLomp C tnese * 
measurement results. The measurement result of MR rate of change after each annealing time amoum „ is shown 
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in a table 1 . 
[0061] 
[A table 1] 



i age o oi y 









(as depo) 




xmm 


50B#fij 


lOOBSrB 


mmi 


6.2X 


8. OX 


8. OX 


8.0% 


8. OX 


mm i 


6.9* 


6.1% 


5.9* 


5.4X 


4 9X 



6 9«/ i i f ° Ugh MR ^ °u f ChangC immediatel y after membrane formation is comparatively as good as 

6.9 /o, in the example 1 of a comparison which carries out package membrane formation and does not form the atomic 
diffusion barrier layer in a NiFe alloy film / Co90FelO alloy film interface, MR rate of change is decreaZg rapidly 
of ohZr f h r rS - ^ Which is 100 hours ' MR rate of chan S e decreased to 4.9% tihat MR rate 

ttelZZe^T] dCCre f S i ng m C , 0nneCti0n ^ ** anneahn * paSSa * e ° f time als ° after that Since the barrier \ly* 
which suppresses atomic diffusion does not exist in a NiFe alloy film / Co90FelO alloy film interface the atomic 
counter diffusion between layers advances by annealing, and this is considered that MR rate of by 

K^th "T 1 (themial rCSiStanCe) ° fMR dement 0f me exam P le 1 of a compari^n was bw * 

[0062] In the example 1 which once exposed to atmospheric air after formation ofa NiFe alloy film and ontiie other 
hand, formed the atomic diffusion barrier layer in the NiFe alloy film / Co90FelO alloy film inte r&c'e ^lou^ the 

hours^ MR rate of change rose to 8.0%. This While the crystallinity of each class etc. improves by the "2 
^atrnent of 2 hours, it is thought that it is because atomic diffusion ofa NiFe alloy film / Co90FelO aU^ film interface 
rMR^enf T ^ at °r C d i ffUsi ° n ^ Furthe ^e, even if it performs prolonged aTe a" ng as 

Co90Fe f fl .l rT 86 ' , f ^ ° Ut that U d °/ S n0t d6CreaSe fr0m 8 - 0% but atomic diffi * ion of a NiFe alloy film / 

[0063] They are the amorphous CoNbZr alloy film of lOnm of thickness, and thickness as a magnetic substrate laver 12 

fn'order H *^f«f ^ m 2 ^al-oxidation Si substrate. The 2nm NiftSoylSwS 

in order. Here, a NiFe alloy film serves as the metal buffer layer 4 

Sir Th f0ming * e abov 5;^ ntioned NiFe al % film, the plasma is once erased, and it is oxygen in a vacuum 
chamber. The argon g£ * mixed 20% was introduced and the oxide film was formed in the front face of a NiFe aC film 
as an a ormc diffusion barner layer. Under the present circumstances, various thickness ofa scaling film washed 
by controlling the introductory pressure and time amount of mixed gas of oxygen and an argon. The av^mge tSess 

tlfemaS 7 * T "j* ^ * ** table 2 " In add *™> ** -ample 2 

table makes thickness of a scaling film out of range [ this invention ]. "F^oii m a 

[0065] 
[A table 2] 











No 


(m) 




i 


0.3 




2 


0.5 




3 


1.0 


mw2 


4 


3.0 



In addition, the thickness of the scaling film shown in a table 2 is not average thickness, and the oxide film of the 
wh^sosl EST* i h0m ~; For reason ' the avlrage thickness ofa scaling film Extple 2 

Si x, .If Sample ° f No1 ' many pmholes existed m the scalin 8 Aim comparatively 

SuVdv' A ^ 1 1 ° n 6ach NiFe ^ film in which me scalin 8 film wa * formed, 
respectively. A 3nm Co90FelO alloy film, It is thickness as a nonmagnetic interlayer 3. It is thickness as 3nm Cu film 
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i age y oi y 

and' me 2nd magnetic layer 2. It is thickness as a 2nm Co90FelO alloy film and an antiferromagnetism layer 6 It is 
thickness as a 8nm IrMn alloy film and a protective layer. The laminating of the 5nm Ta film ifcarried oTto order The 
spin bulb cascade screen 1 3 (7) was produced, respectively. 

[0067] After carrying out patterning of each spin bulb cascade screen by the above-mentioned example 2 and the above- 
mentioned example 2 of a comparison, it is 523K, respectively. Annealing treatment was carried outfor 2 ZZ Thus 
MR rate of change of each obtained MR element is reached immediately after membrane formation. It measured afte 
annealing of 2 hours, respectively. These measurement results are shown in a table 3 mcasurea alter 

[0068] 
[A table 3] 





m 


MH 


MR^WOO 




No 








mm 2 


1 


0.3 


5.8 


6.2 




2 


0.5 


6.1 


7.0 




a 


1.0 


6.0 


8.2 


imm2 


4 


3.0 


5.0 


5.2 



Each MR element by the example 2 is all. MR rate of change was rising after annealing of 2 hours, and the effect of the 
atomic diffusion barrier layer which consists of a scaling film was checked. However, although liftmg of MR rate of 
change is presumed to be that to which atomic counter diffusion had happened a little not mudi greatly by the sip e 

z^^^r a scaling film ' * is *■ of a scaiing Good ^ rate ^^^S^c 

[0069] On the other hand, although MR rate of change is rising a little after MR element by the example 2 of a 
comparison and annealing of 2 hours, since MR rate of change of the beginning (immediately after membrane 
formation) is small, MR rate of change sufficient as a result is not acquired. Since this thickened ^icCssTa scaling 
film too much, it is considered because the effect of a magnetic substrate layer and a metal buffer layer is no longer 
acquired, since [ moreover ] a fee stacking tendency was not fully acquired but magnetic association with a magnetic 
substrate layer has run out further - soft magnetic characteristics - deteriorating - Voercive force He 30e it waf 

SS? ° f £ 6 ! n y enti ° n] ^ f Pki f d ab0VC ' accordin g to invention, it becomes possible to offer the magneto- 
d!ffi^nff element ^* wa f kgUy efficient and was excellent in thermal stability from the ability of the thermal 

confroU d 3 ^ a ^ ° r 3 magnetiC Sub8trate kyer ' * nd a ^magnetic layer toT 



[Translation done.] 
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[Procedure amendment 1] 

[Document to be Amended] Description 

[Item(s) to be Amended] The name of invention 

[Method of Amendment] Modification 

[Proposed Amendment] 

effect demen^dlt ^ ^ ""^ ^ "* * re P roducin S d ™ce using a magneto-resistive 

[Procedure amendment 2] 

[Document to be Amended] Description 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Claim(s)] 

S^ill n t 3 ma ^ et °- 1 " esistive ef f ect element Possessing a spin bulb film which has the nonmagnetic middle class 

i~ s^isr* yer on a metai buffer iayer> ±e 2nd magnetic iayer ' Zd saM 1 st « 

A magneto-resistive effect element to which average thickness is characterized by establishing an atomic diffusion 
barrier layer 2nm or less at an interface of said metal buffer layer and 1st magnetic layer 

[Claim 2] In a magneto-resistive effect element possessing a spin bulb film which has the nonmagnetic middle class 
stationed between the 1st magnetic layer which consists of a cascade screen of a magnetic substraSyeTand la 
ferromagnetic layer, the 2nd magnetic layer, and said 1 st magnetic layer and 2nd miotic Zcr Y 
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[Claim 3] In a magneto-resistive effect element according to claim 1 or 2 enXmagne,lc layer ' 
SL" 2~f " " ' ™>~ is <- ° ff -< characterized by having 0.3nm or more average 

[Claim 4] In a magneto-resistive effect element according to claim 1 or 3 

[Claim 5] In a magneto-resistive effect element according to claim 2 or 3 Iaroma 8 n <*" ! containing Co. 

[Claim 7] In a magneto-resistive effect element of claim 1 thru/or claim 6 given in anv 1 term 

oS™^ 

91 . In J l f ma « ne, »- resii! ';^ ^1 element of claim 1 thni/or claim 8 given in any 1 term 
o^et^ 

[Claim 10] In a magneto-resistive effect element of claim 1 thru/or claim 8 given in any 1 term 
S^K*"" bamer ' ayer iS S ™S»«<—e effect element oJ^V^coas^ with . 
[Claim 1 1] A metal layer, 

The 1 st magnetic layer arranged so that said metal layer may be touched 
With a nonmagnetic interlayer formed on said 1st magnetic layer 

Sween SfiSSggg?" " 10 ' ma8netiC '"**«" " *" M —»«"*' ™<*< ene 

[Claim 12] A metal layer, 

The 1st magnetic layer arranged so that said metal layer may be touched 
With a nonmagnetic interlayer formed on said 1 st magnetic layer 

between ^Z^ol^ <" S ° Said — ic ^yer might intervene 

[Claim 13] A metal layer, 

The 1st magnetic layer arranged so that said metal layer may be touched 
With a nonmagnetic interlayer formed on said 1st magnetic layer 

between Z^Z^Z^ °* ""^ ***** S ° "* n °~ ic interi ^r might intervene 

w l' St ma « netlc la y CT "ranged so that said metal layer may be touched 
With a nonmagnetic interlayer formed on said 1 st magnetic layer 

Z^Z^l^ ° n n0mna8,ie,iC "'^ S ° ** "* " 0nma ^ fc fatola ^ »W- "-ene 
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provided, ' CdrDlue ' a Donae > and a fluoride, a volume phase which has a pinhole is 

S^^^^^"*^ effe " e ' ement CharaCteriZed by *» t distance between 

(Claim 15) A metal layer which consists of an alloy containineTa Ti Or r, a a 
The 1st magnetic layer arranged so tha, said metalCmay UtoZteZ ' ^ ' & "* ' >KSe - 
With a nonmagnetic interlayer formed on said 1st magnetic tawr ' 

between ^Z^l^ " n0nmagnetiC 50 mat «* "onmagnetic interlayer might intervene 

nitride, carbide, a boride, and a fluoride^ * S ' magnetlC layer ' ^ is chosen &™ an oxide, a 

^ent'Sy^Z^ 1,63(1 CharaC ' eriZed " y ' ™gne,o-resis,ive effect element of Cairn 1 mm/or daim ,5 

[Procedure amendment 3] 
[Document to be Amended] Description 
[Item(s) to be Amended] 0001 
[Method of Amendment] Modification 
[Proposed Amendment] 
[0001] 

!? ^^ead and the magnetic recorder 
[Procedure amendment 4] 6ment 311(1 lt whlch used the s P»i bulb film. 

[Document to be Amended] Description 
[Item(s) to be Amended] 0009 
[Method of Amendment] Modification 
[Proposed Amendment] 

[Document to be Amended] Description 
[Item(s) to be Amended] 001 1 
[Method of Amendment] Modification 
[Proposed Amendment] 

element possessing the spin bulb m^^S^^^ c J^f* T?^ u ** ma ^^ effect 
layer, and said 1st magnetic layer and 2nd mZ^cl^^X^T betWCen the 2nd ma S netic 

layer which uses as a principal component jf"" 5 ^ 5 establishing the atomic diffusion barrier 

magnetic layer from £ oJe, a nitT"^ ofsaid -tal buffer layer and 1st 

[Procedure amendment 6] u,me ' 
[Document to be Amended] Description 
[Item(s) to be Amended] 0012 
[Method of Amendment] Modification 
[Proposed Amendment] 

effect dement possessing the sp m bulb whkh has Z^^^T ^ItXT^ 
h ^™w4.i^jpo.go. jpW ^ yMam 



[Procedure amendment 7] ' mtefice ° Umd ma ^ ehc substrat * layer and ferromagnetic layer 

[Document to be Amended] Description 
[Item(s) to be Amended] 0013 
[Method of Amendment] Modification 
[Proposed Amendment] 

from the cascade screen of a 

possessing the spin bulb film which has ±Jno^Z^T^l^ In ? u e ^^o-resistive effect element 

said 1st magnetic layer and 2nd ma^^S^^^T 8 f k!^ 2M magnetic 

which uses as a principal componeTaUeas^ estabhshmg the atomic diffusion barrier layer 

ferromagnetic layer from an oxide a n tririe ST v * -? "S ^ ° f SaM magnetic Substrate ^ 
inventions characterized by ^5dS^^ " the magnetic head of this 

magnetic-recording T^paJ^^J^^^^ 6 ? Ct el f m6nt of above -^ntioned this invention. The 
has the magnetic hldof this Zl^^Z^ maShead *" Pl f baCk ™^ tic head which 

this invention is characterized by providinVthe mZetT^r^Z a ma ^ c / ecor der and reproducing device of 
medium of this invention. proviam g the magnetic-recording reproducing head and magnetic-recording data 



[Translation done.] 
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